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得尤为重要。迄今为止，人们已经对由 Be、Mg、Ca 和 Sr 与 VI 族元素组成的化
合物作了很多系统的分析与研究，在第一性原理和 GW 近似下的计算已有系统




年 Kalpana 等人给出了 B1 结构下 BaX（X=S，Se，Te）的间接带隙特性且被长
期引用。而最近 G Q Lin 等为了揭示 Ba 与负离子间的化学键性质，研究了 B1
（NaCl）结构下的 BaX（X=S，Se，Te）以及加氧的三元化合物的电子结构，发
现它们是一组直接带隙半导体。为了解决这些问题，本文运用标准的准粒子 GW
近似方法重新研究了 BaS、BaSe 和 BaTe 在 B1 结构下的准粒子能带结构。 
本文在考虑 Ba 的价电子组态中 4d 电子的情况下，运用 Paratec（PARAllel 
















算结果不同，B1 结构的 BaX（X=S，Se，Te）准粒子能带具有 Γ 点直接带隙特
性。（2）LDA 和 GGA 方法都不能准确描述这类材料的带隙，而 GW 准粒子能
带的结果则可以对其带隙作出大幅度的修正，而且在修正前后它属于不同波段的
光电子材料。同时得到的带隙与实验测量值有相当符合的理论结果，充分反映了





































                   Abstract                    
 
    The density functional theory with local density approximation (DFT-LDA) as a 
ground state theory，i.e. the solutions based on the Kohn-Sham equation is a powerful 
tool for studying the groud state properties in many particle systems just like 
semiconductor materials，but it is bad to describe the excited state properties。A key 
problem is that the exchange-correlation interaction in excited states is differ from the 
ground states。In recent years，nevertheless，several electronic-excitation theories have 
been developed。The most important theoretical and computational method include 
the many-body perturbation theory which is based on the quasi-particle concept and 
the Green function equation。Among them the central ingredient is an electron’s 
self-energy operator Σ that describes the exchange correlation effect beyond Hartree 
approximation。The implementations of the above theories are unavoidable to 
introduce some of approximations。A good approximation is the GW approach by 
Hedin。But it is shown from computation simulations for many real condensed matter 
systems that the GW approach is a successful method for electronic-excitation 
problems。 
As we know，by way of a kind of photoelectron materials，IIA-VIB compound 
have got more and more attention in photoelectron technology field because of their 
outstanding optoelectronic characteristic，so it is very important to study their 
correlative character。So far，people have made lots of systemic analysis and research 
for compounds which are made of Be、Mg、Ca and VI element，at the first principle 
and GW approximation there have been systemic reports，but Concerning the 
electronic structure of barium’s VIB compound ,people don't understand it fully，
moreover，there are only computational research at the density functional theory with 
local density approximation。The existent main problem is that not only band gap（～
2eV）calculated by using LDA(local density approximation) has a large discrepancy 
compared with experimental results（～3.6eV），but also theoretic band gap type














important，Kalpana gave that BaX（X=S，Se，Te）within B1 structure have a indirect 
band gap in 1994，which are quoted chronically。Recently G Q Lin have studied the 
electronic structure of BaX（X=S，Se，Te）and its ternary compound with oxygenic 
in order to open out the chemical bond’s character between barium and minus ion，
found that they are semiconductor within direct band gap。For solving these 
problems， the paper this paper makes renewedly the Green function-screened 
coulomb interaction quasiparticle theory(GW)calculation to get quasiparticle band 
structure of BaS、BaSe and BaTe within B1 structure。 
In this paper，the software---PARAllel Total Energy code is used to calculate 
the construction of energy gap of BaX（X=S，Se，Te）by LDA，when the 4d electron 
in the barium’s valence electron configuration is considered。Then on the basis of the 
calculation， the energy band of its quasi-particle is calculated by self-energy 
approximation。At the same time，the energy band is calculated by GGA for 
comparing。The result shows that：（1）Different from the previous research，the 
quasi-particle energy band of BaX（X=S，Se，Te）has the characteristic of direct band 
gap at Γ point。（2）The two calculating methods---both LDA and GGA cannot 
describe the band gap of the material accurately。However，the result of Quasi-particle 
energy band by the GW dramatically amends its band gap，And front and rear it even 
becomes another optoelectronic material which belongs to different wave band。The 
band gap and the measurement obtained are compatible with theory，which reflects 
the excited state character of the material。The above indicates that it is important to 
take into account the 4d electronic effect in the valence electronic configuration of 
barium，Also some disputes in the previous literatures are clarified。The discovery is 
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而最近G Q Lin等[16]为了揭示Ba与负离子间的化学键性质，研究了B1 结构的BaX
（X=S，Se，Te）以及加氧的三元化合物的电子结构，发现它们是一组直接带隙
型半导体。其具体情况见表 1-1 所示： 
表 1-1      B1 结构下 BaX（X=S，Se，Te）的能带结构相关性质 
 
 BaX Ba 价电子 







BaS 6s2 5p6 5d10 2.30 间接  3.9 
BaSe 6s2 5p6 5d10 2.01 间接  3.6 
 
Kalpana 
 BaTe 6s2 6p6 5d10 1.58 间接  3.4 
BaS 5s2 5p6 6s2 1.83 直接  3.9 
BaSe 5s2 5p6 6s2 1.63 直接  3.6 
 
G Q Lin 


















第一章 引   论 
众所周知：受材料性质的限制，光电器件设计时，一般不使用间接带隙半导
体材料（如 Si 等）。而 GaN，GaAs 等直接带隙材料被广泛应用于各种光电子器




选择 B1 结构的 BaX（X=S，Se，Te）作为这一系列材料的代表，进行电子能带




本文最主要的目的是研究 B1 结构的 Ba-VIB 族半导体的电子结构。在考虑











明对 B1 结构的 Ba-VI 族半导体化合物的研究存在的问题。第四章将着重地、具
体地对 Ba-VI 族半导体化合物的电子结构作理论计算。在考虑 Ba 的 4d 电子的条
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